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(54) PLASMA PROCESS EQUIPMENT 

(57)Abstract: 

PURPOSE: To prevent discharge which is to be generated 
between a lower electrode and a ground member via an 
introducing pipe of back side gas, when plasma processing is 
performed while back side gas is supplied to the rear side of an 
object to be processed. 

CONSTITUTION: Channel members 6, 7 constitituted of two, kinds 



of columunar Teflon provided with many flow holes 61 (71 ) of small 



diameter which extend in the axial direction are alternately fitted 
into a gas introducing pipe 5 which is constituted of Teflon and 
positioned in insulator between a lower electrode and a ground 
member 41 . Since the diameter of flow channel of back side gas is 
small, the discharge start voltage is increased and discharge is 
prevented. Since many flow holes 61 (71) are formed, large 
conductance can be ensured. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Supply RF power between an up electrode and a lower electrode, and a raw gas is plasma-ized. While being 
equipment which carries out plasma treatment of the processed object on a lower electrode by this plasma and 
arranging the conductive member to which potential differs from the lower electrode concerned through the insulating 
section in a way side outside a lower electrode In the plasma equipment with which the insulating section is penetrated 
from conductive member, and the gas-passageway section is formed to the lower electrode in order to supply backside 
gas to a processed object Plasma treatment equipment characterized by constituting the gas-passageway section located 
in the aforementioned insulating section by the passage member which consists of an insulating material in which the 
passage of many minor diameters is formed. 

[Claim 2] A passage member is plasma treatment equipment according to claim 1 characterized by being divided in the 
length direction at plurality. 



[Translation done.] 
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1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to plasma treatment equipment. 
[0002] 

[Description of the Prior Art] From the reasons of highly precise process control being able to perform processing by 
plasma, in the manufacture process of a semiconductor wafer, in order to perform etching, membrane formation, etc. of 
various kinds of films, plasma treatment is used. 

[0003] While carrying out opposite arrangement of the electrode up and down, a semiconductor wafer (henceforth a 
wafer) is laid on a lower electrode, and it is made to supply RF power to inter-electrode [ these ], for example by the 
etching system of single wafer processing as this kind of plasma treatment equipment, although there is equipment of 
single wafer processing or a batch type. In such plasma treatment, it is required to maintain a wafer uniformly to 
predetermined temperature, and, for this reason, the temperature-control means, the supply means of backside gas, etc. 
are included in the lower electrode side. 

[0004] Drawin g 6 shows the lower electrode of an etching system, and the part relevant to this, the gland which one in 
drawing is a lower electrode and follows the lower part side of this lower electrode 1 at the wall of for example, a 
vacuum chamber — the member 1 1 is arranged through the insulating section 12 while the lower electrode 1 is 
connected to RF generator 13 — a gland — the up electrode which the member 1 1 is grounded and is not illustrated, and 
a gland — since the member 1 1 is connected electrically, RF power is impressed between an up electrode and the lower 
electrode 1 

[0005] the aforementioned gland — the gas introduction pipe 14 for backside gas from the lower part, i.e., lower part of 
vacuum chamber, side of a member 1 1 which consists of insulating materials, such as Teflon, — a gland — it rushes in 
and prepares to the inferior surface of tongue of the lower electrode 1 through a member 1 1 and the insulating section 
12 — having — ****-- the upper limit of the aforementioned gas introduction pipe 14 — aeration way 15a in the lower 
electrode 1, and a draught chamber 15 — minding ~ many blows of gas — it is open for free passage to Moreover, in the 
lower electrode i 5 ****** 17 a refrigerant carries out [ the ******] conduction is formed. 

[0006] and the electrostatic chuck which is not illustrated at the time of etching processing — the lower electrode 1 top - 

- Wafer W — adsorbing — the backside gas, for example, helium gas, from the gas introduction pipe 14 — a blow of gas 

— the rear- face side of Wafer W is sprayed from a hole 16, and equalization of the temperature distribution within a 
field of Wafer W is attained Wafer W is made not to be blown away by the pressure of the backside gas which both 
drew in through the gas introduction pipe 14, and remains in the gas introduction pipe 14 which turns OFF an 
electrostatic chuck after etching is completed. 

[0007] 

[Problem(s) to be Solved by the Invention] however — an above-mentioned etching system — the lower electrode 1 and 
a gland — there was a possibility of discharging through the gas introduction pipe 14 between members 1 1 the point 
that this invention person perceived about the reason, and the data in which it experimented - a basis — it is expressed 
with the parabolic of an upper breadth, when the relation between ************^ an( j g as pressure and breakdown 
voltage takes a pressure along a horizontal axis and generally takes breakdown voltage along a vertical axis Although it 
will seldom be influenced by the length if breakdown voltage is within the limits with duct length when this 
configuration is determined by the kind of gas, and an electrode is arranged to the ends of a duct and it asks for an 
above-mentioned relation, breakdown voltage tends to become low, so that a tube diameter becomes large. 
[0008] helium gas by which the tube diameter is used for the duct which is 4mm as backside gas here was enclosed, 
various the pressure was changed, and when the relation between a pressure (Torr) and breakdown voltage was 
investigated, the result shown in a view was obtained, on the other hand, by the etching system, although high- 
frequency voltage was set as lkV, for example and the pressure of helium gas is set as about 10 Torrs, the property 
view showing in drawing shows — as — the above-mentioned equipment with breakdown voltage smaller than lkV 
therefore by the pressure of 10Torr(s) - setting — helium gas in the gas introduction pipe 14 - leading - the lower 
electrode 1 and a gland — they have been the conditions which are easy to discharge between members 1 1 
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[0009] However, if such electric discharge takes place, since necessary power energy is not securable, if an etching rate 
falls, for example, electric discharge is not noticed, it will become what has inadequate etching processing. Moreover, 
since plasma becomes unstable, it becomes impossible to take matching of an impedance, and also each part articles, 
such as the gas introduction pipe 14 and a conductive part, will be damaged by electric discharge. In addition, in order 
to lower breakdown voltage, when the gas introduction pipe 14 is made thin, conductance will become small, suction of 
backside gas will take time, and a throughput will fall. 

[0010] this invention is made based on such a situation, and in case the purpose supplies backside gas to a processed 
object, it is to offer the plasma treatment equipment with which the electric discharge which led the passage of this 
backside gas does not take place. 
[0011] 

[Means for Solving the Problem] Invention of a claim 1 supplies RF power between an up electrode and a lower 
electrode, and plasma-izes a raw gas. While being equipment which carries out plasma treatment of the processed 
object on a lower electrode by this plasma and arranging the conductive member to which potential differs from the 
lower electrode concerned through the insulating section in a way side outside a lower electrode In the plasma 
equipment with which the insulating section is penetrated from conductive member, and the gas-passageway section is 
formed to the lower electrode in order to supply backside gas to a processed object It is characterized by constituting 
the gas-passageway section located in the aforementioned insulating section by the passage member which consists of 
an insulating material in which the passage of many minor diameters is formed. 

[0012] Invention of a claim 2 is characterized by dividing the passage member in the length direction at plurality. 
[0013] 

[Function] While carrying out plasma treatment of the processed object, backside gas is supplied to the rear-face side of 
a processed object through the gas-passageway section, for example, temperature of a processed object is made 
uniform. Between conductive member and a lower electrode, since a gas passageway is a minor diameter, breakdown 
voltage is high, therefore electric discharge through this gas passageway stops being able to happen easily. Moreover, 
since many gas passagewaies of a minor diameter are formed, when large conductance can be taken, for example, it 
draws in through this gas passageway, it can draw in quickly. Moreover, pressure-proofing, conductance, etc. can be 
changed with the combination by dividing the gas-passageway section into two or more passage members. 
[0014] 

[Example] Drawing 1 is the whole plasma treatment equipment block diagram concerning the example of this 
invention. Two in drawing is a vacuum chamber, and while the gate valves Gl and G2 which carry out the seal of the 
taking-out entrance of a wafer airtightly are formed in the outside of the side attachment wall of this vacuum chamber 
2, the exhaust pipe 20 is connected to the pars basilaris ossis occipitalis. The up electrode 21 which makes the gas 
supply section serve a double purpose is arranged at the upper part in the aforementioned vacuum chamber 2. Besides, 
the section electrode 21 is equipped with the gas injection board 22, and it is constituted so that the raw gas from the 
gas supply pipe 23 may be introduced in the vacuum chamber 2 through the gas injection board 22 concerned. 
[0015] The lower electrode 3 which makes a susceptor serve a double purpose so that it may counter with this is 
arranged in the lower part side of the aforementioned up electrode 21. This lower electrode 3 consists of metals, such as 
aluminum, for example, is constituted possible [ division ] by the installation base 3 1 by the side of the upper part, and 
the susceptor 32 by the side of the lower part. In addition, the electrostatic chuck is prepared although not illustrated in 
the surface section of the installation base 3 1 . 

[0016] ****** 35 is formed in the aforementioned susceptor 31 so that a cooling medium, for example, liquid nitrogen, 
may circulate through the introductory pipe 33 and an exhaust pipe 34. the gland whose side and base of this insulating 
section 4 the side and the base of the aforementioned lower electrode 3 are being worn by the insulating sections 4, 
such as ceramics, and are a part of wall of the vacuum chamber 1 which consists of metals, such as aluminum, further - 
- it is covered by the member 41 

[0017] while the aforementioned lower electrode 3 is connected to RF 43 by the side of the lower part of the vacuum 
chamber 1 through the inner conductor rod 42 — a gland — the member 41 is grounded through the outer-conductor • 
pipe 44 formed so that the inner conductor rod 42 might be surrounded 

[0018] the gas introduction pipe 5 for backside gas which consists of a lower part side of the aforementioned vacuum 
chamber 2 from a Teflon pipe as shown in drawing 1 and drawing 2 — a gland — a member 41 and the insulating 
section 4 are penetrated, it is prepared, and the upper limit of this gas introduction pipe 5 is joined by the soffit side of a 
susceptor 32 through O ring 5 1 the blow of gas of a large number which carry out opening to the front face of the 
installation base 3 1 through the draught chamber 53 by which the passage of this gas introduction pipe 5 was open for 
free passage to the gas passageway 52 formed in the susceptor 32 in the upper-limit section, and this gas passageway 

http ://www4 . ipdl.jpo. go j p/cgi-bin/tran_web_cgi_ej j e 9/3 0/2003 



Page 3 of 4 



52 was formed in the installation base 31 — it is open for free passage to the hole 54 

[0019] The soffit side of the aforementioned gas introduction pipe 5 has branched to two, it connects with one branch- 
pipe 5 A through a bulb VI at the pressure-control section 55, and the source of gas supply of the backside gas, for 
example, helium gas, which is not further illustrated to the upstream is connected. Moreover, branch-pipe 5B of another 
side is for attracting the front-face side of the installation base 31 through the gas introduction pipe 5, as mentioned 
later, and it is connected to the exhaust air means which is not illustrated through a bulb V2. In addition, 56 in drawing 
is the joint section which joins the duct portion of the inside of the vacuum chamber 2, and an outside. 
[0020] the 1st passage which is three kinds whose length have the passage of many minor diameters in the gas 
introduction pipe 5 located in the insulating section 4 among the aforementioned gas introduction pipes 5, for example, 
is 10mm or less — a member 6 and the 2nd passage — a member 7 and the 3rd passage — the member 8 is inserted these 
passage — if it explains in full detail, referring to drawin g 2 - drawing_4 about members 6-8 and the combination of 
those — the 1st passage — a member 6 and the 2nd passage — a member 7 While an insulating material, for example, 
Teflon, is respectively processed in the shape of a pillar, a path is smaller than an outer diameter a little, for example, 
the depth forms in an end side the crevices 61 and 71 which are about 1mm the other end side from the base of these 
crevices 61 and 71 — the conduction of many minor diameters, for example, a diameter 1mm or less, — holes 62 and 72 
are ****(ed) to shaft orientations, and it is constituted 

[0021] the aforementioned conduction — holes 62 and 72 — for example, passage, although arranged along with the 
outer diameter of members 6 and 7, and two or more circles of this heart the 1st passage — the conduction of a member 
6 — a hole 62 and the 2nd passage — the conduction of a member 7 — the position where a hole 72 is mutual when it 
lays on top of shaft orientations does not lap ~ as — getting it blocked - on the other hand, conduction — a hole 62 — 
letting it pass — the 2nd passage — the time of seeing a member 7 — the conduction of another side — the array pattern 
is changed so that a hole 72 may not appear 

[0022] moreover, the 3rd passage of the above — while a member 8 processes conductive member, for example, 
aluminum, in the shape of a pillar and forms the crevice 81 as well as the above-mentioned crevices 61 and 71 in an 
end side — the conduction of a path equivalent to the aperture of the gas introduction pipe 5 of the outside of the 
vacuum chamber 1 from the base of this crevice 81 to an other end side — a hole 82 is ****(ed) to shaft orientations 
and it is constituted 

[0023] and the 1st passage from the undersurface side of the lower electrode 3 (susceptor 32) — a member 6 and the 
2nd passage, while turning each crevices 61 and 71 to the bottom and arranging a member 7 by turns for example, the 
insulating section 4 and a gland — the lower part side from near a boundary with a member 41 — the aforementioned 
passage — the passage located in a soffit succeeding the array of members 6 and 7 — close to members 6 and 7 — as — 
for example, two or more 3rd passage — the crevice 81 was turned up and the member 8 is arranged in addition ~ this 
example — the gas introduction pipe 5 and passage — members 6-8 make the gas-passageway section 
[0024] Next, an operation of the above-mentioned example is described. It carries in in the vacuum chamber 2 through 
a gate valve Gl by the conveyance arm which does not illustrate the semiconductor wafer W which is a processed 
object first, and lays in 10 degrees C - -100 degrees C at the refrigerant and the heater which is not illustrated in ****** 
35 beforehand for example, on the installation base 31 by which the temperature control was carried out. while 
adsorbing Wafer W by the electrostatic chuck which is not illustrated after that — a pressure controller 55 — about [ for 
example, ] — helium gas adjusted to the pressure of 10Torr(s) ~ the gas introduction pipe 5 — minding — a blow of gas 
— the rear- face side of Wafer W is sprayed from a hole 54, and, thereby, temperature of Wafer W is made uniform 
[0025] And while supplying process gas in the vacuum chamber 2 through the gas injection board 22 from the gas 
supply pipe 23, carrying out evacuation with the vacuum pump which is not illustrated through an exhaust pipe 20, and 
maintaining the inside of the vacuum chamber 2 to a predetermined pressure, further, RF power, for example, 13 or 
56kHz, and lkW are impressed from RF generator 43 between the up electrode 21 and the lower electrode 3, and it 
etches by generating plasma. It exhausts by the exhaust air means which is not illustrated through branch-pipe 5B of 
the blasting-fumes introduction pipe 5. After Wafer W is made not to be blown away by the pressure of the backside 
gas which remains in the gas passageway, according to such an example that turns OFF an electrostatic chuck In the 
portion located between members 41 the lower electrode 3 and gland where potentials differ mutually among the gas 
introduction pipes 5 - passage — since members 6 and 7 are inserted, the passage of helium gas is the small passage of 
a diameter 1mm or less, the curve of the breakdown voltage shown in drawing 7 explained by the term of "the technical 
problem which invention solves" shifts to the bottom, that is, the breakdown voltage for every pressure becomes high It 
is thought that the reason breakdown voltage becomes high has many which collide and disappear in a wall although an 
electron flies, since the passage of gas is narrow. 

[0026] and the 1st passage — the conduction of a member 6 — a hole 62 and the 2nd passage — the conduction of a 
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member 7 — the array pattern of a hole 72 — differing — a gas passageway — each passage ~ the passage from a 
member 6 (7) — since it is crooked through the crevices 61 and 71 which make the buffer section when moving to a 
member 7 (6), an electron tends to collide with the circumference and, for this reason, breakdown voltage becomes 
high further 

[0027] Moreover, since many narrow gas passagewaies are formed in the gas introduction pipe 5, the whole 
conductance is large, therefore since high-speed exhaust air can be performed when drawing in with the gas 
introduction pipe 5 concerned, after turning OFF an electrostatic chuck, a throughput does not fall. 
[0028] furthermore, passage ~ the 3rd passage which is from aluminum on the soffit side of members 6 and 7 — since 
the gas passageway of a big path will be formed in a field with an electric potential gradient if the reason for having 
formed the member 8 does not have this — the 3rd passage — packing a member 8 ~ passage — the soffit side of 
members 6 and 7 — a gland — it was made a member 41 and this potential and electric discharge is certainly prevented 
by this 

[0029] in this case, the 3rd passage — instead of [ of a member 8 ] — the 1st and the 2nd passage ~ what is necessary is 
just to determine an array suitably in consideration of the pressure of backside gas, the thickness of the insulating 
section 4, etc., since conductance will become small if these are arranged to a not much long field, although members 6 
and 7 may be formed here — the relation between gas pressure and breakdown voltage « passage — in order to 
investigate how it changes with the number of members, about 1-5 each, the number of passage members (6 or 7) has 
arranged the electrode to ends, changed various pressures, and measured breakdown voltage A result is as being shown 
in drawing 5 . however, the length of each passage member (6 or 7) — about 6mm and conduction — the path of a hole 
52 is about 0.8mm 

[0030] the result of drawing 5 shows — as — passage ~ it turns out that breakdown voltage becomes high as the number 
of members is increased, for example, electric discharge can prevent certainly even if breakdown voltage is higher than 
lkV and a passage member sets equipment as lkV in two or more pieces, when it is pressure lOTorr 
[0031] although the thing of long one apparatus which cannot be divided may be used as a passage member, if what is 
divided is combined like the above-mentioned example — a withstand voltage, conductance, etc. — passage — since 
each part article turns into multi-use parts the top where flexibility is high since it can change with the combination of a 
member, and it can moreover divide also at the time of a maintenance, it is convenient, and manufacture is also easy 
[0032] however, the case where may be the thing of one apparatus which cannot be divided as a passage member, and 
the passage member which can be divided is combined in this invention — each passage — the conduction of a member 
— the array of a hole may be the same Furthermore, when it is not limited to what is extended to the shaft orientations 
of a gas introduction pipe, for example, a porosity object is used as a passage member with the passage of the minor 
diameter as used in the field of this invention, the crookedness way in this corresponds. 

[0033] By this invention, a lower electrode can be grounded above, and it can apply also to that to which the up 
electrode is connected at the RF generator, and can apply to thermal treatment equipments, such as not only a plasma 
etching system but plasma CVD equipment, an ashing device, etc., and you may be not only a wafer but a LCD 
substrate etc. as a processed object. 
[0034] 

[Effect of the Invention] According to invention of a claim 1, since a lower electrode and this constitute the passage of 
the backside gas located between the conductive member from which potential differs by the passage of many minor 
diameters, they can prevent electric discharge between a lower electrode and conductive member, therefore can 
suppress decline in the supply efficiency of RF power, and plasma is also stabilized. 

[0035] since the passage member of backside gas is constituted possible [ division to plurality ] in the length direction 
according to invention of a claim 2 — a withstand voltage, conductance, etc. — passage — since it can change with the 
combination of a member, it is convenient 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s _ ows t_ e word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the cross section showing the whole plasma-etching-system composition concerning the example of 
this invention. 

[Drawing 2] It is the cross section showing the important section of the example of this invention. 
[Drawin g 3] It is the decomposition perspective diagram showing the interior of a gas introduction pipe. 
[Drawing 4] the 1- it is the plan showing the 3rd passage member 

[Drawing^] passage — it is the property view showing the relation of the breakdown voltage and the pressure which 
made the number of members the parameter 

[Drawing 6] It is the cross section showing a part of conventional plasma etching system. 

[Drawin g 7] It is the property view showing the relation of the gas pressure of a gas introduction pipe and breakdown 
voltage in the conventional plasma etching system. 
[Description of Notations] 

2 Vacuum Chamber 
21 Up Electrode 

3 Lower Electrode 

4 Insulating Section 
41 Gland — Member 

5 Gas Introduction Pipe 

6 1 st Passage — Member 

7 2nd Passage — Member 

8 3rd Passage — Member 

61, 71, 81 Crevice 

62, 72, and 82 conduction — hole 
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